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Plasmon effect on triplet-singlet energy transfer in the dye-doped 

Langmuir-Blodgett films 

The effect of silver plasmonic nanoparticles on triplet-singlet energy transfer in the donor-acceptor pair of or-

ganic dyes was studied. Layered dye films were prepared on the surface of glass and island silver films using 

the Langmuir-Blodgett method. Amphiphilic analogs of Rose bengal and polymethine dye were used as do-

nor and acceptor of energy. A polymer monolayer was deposited between monolayers of donor and acceptor 

molecules to exclude the competing triplet-triplet energy transfer. The spectra of delayed fluorescence and 

phosphorescence of donor-acceptor films and the delayed luminescence lifetime of donor in these films have 

been measured. It is shown that a threefold increase in the fluorescence intensity and a twofold increase in the 

donor phosphorescence intensity are observed on silver island films. The successful triplet-singlet energy 

transfer is evidenced by both the quenching of donor centers and appearance of sensitized delayed fluores-

cence of the acceptor with the duration close to the donor triplet lifetime. In the presence of silver nanoparti-

cles, in addition to enhancement in the intensity of the donor emission, an increase in the efficiency of triplet-

singlet energy transfer was observed. The obtained results can be used in various optical devices. 

Keywords: Rose bengal; polymethine dye; silver island film; plasmon; delayed fluorescence; phosphores-

cence; triplet-singlet energy transfer; Langmuir-Blodgett films. 

Introduction 

Intermolecular energy transfer is one of the main processes in various applications of photonics [1, 2], 

optics, optoelectronics [3, 4, 5] and photovoltaics [6, 7]. The electron excitation energy transfer between 

molecules is one of the possible ways to influence the rate of photochemical reactions. The mechanism, the 

theoretical description of which was first proposed by Förster in the 1940s, allows distances up to 10 nm to 

be measured and it is based on the nonradiative dipole-dipole interaction of the giving and receiving 

molecules [8]. 

The triplet-singlet energy transfer was predicted by Förster [8] and confirmed by Ermolaev and Svesh-

nikova [9], who discovered this type of energy transfer using several phosphorescent donors and fluorescent 

acceptors in solid media. Thus, it was experimentally shown that Förster's theory can be applied to donor-

acceptor pairs undergoing triplet-singlet energy transfer [9, 10]. 

The triplet-singlet energy transfer is widely used to obtain high-efficiency fluorescent organic light-

emitting devices [3, 11, 12], to create biochemical and biophysical sensors [12], and can be used as a method 

to increase the rate of light emission from excited triplet states [13]. In [11], the authors used nonradiative 

energy transfer to increase the efficiency of a fluorescent red organic light-emitting device in four times. The 

triplet-singlet energy transfer is used in a new emitter concept for organic light-emitting diodes (OLEDs) 

called as thermally activated delayed fluorescence (TADF) [12, 14]. In [15], simultaneous and efficient ener-

gy transfer from both donating singlet and triplet states of a single photoluminescent molecular species was 

demonstrated, showing that cooperation between these two exciton transfer channels is possible. 




